BACKGROUND: Incidence rates of cardiomyopathies, which are a common cause of heart failure in young people, have increased during the last decades. An association between body weight in adolescence and future cardiomyopathy among men was recently identified. Whether or not this holds true also for women is unknown. The aim was therefore to determine whether for young women being overweight or obese is associated with a higher risk of developing cardiomyopathy.
I n contrast to declining incidence rates of heart failure observed for elderly persons, hospitalizations for heart failure in young people are on the rise in Sweden and Denmark. [1] [2] [3] Although cardiomyopathy is increasingly common as the underlying condition for heart failure among young persons, the most frequent causes in older people are coronary heart disease, hypertension, and diabetes mellitus. 1, 3, 4 Cardiomyopathies are a diverse group of disorders, with varying classifications proposed during the last decades. However, a position statement issued by the Working Group on Pericardial and Myocardial Diseases of the European Society of Cardiology categorized cardiomyopathies into 5 main groups: dilated, hypertrophic, restrictive, arrhythmogenic right ventricular, and unclassified. 5 Discharge diagnoses of different types of cardiomyopathies in the Swedish National Hospital Register have been shown to be accurate in at least 85% of the cases. 6 Compared with other causes of heart failure, cardiomyopathies are rare, and risk factors for these conditions are as yet scarcely explored. However, we recently found that higher body mass index (BMI) in adolescent men was associated with an increased risk for cardiomyopathy in midlife, 7 especially for dilated cardiomyopathy. This heightened risk appeared at levels that are considered high-normal (BMI 22.5 to <25 kg/m 2 ), and the risk was increased more than 9-fold for the severely obese (BMI ≥35 kg/m 2 ), as compared with BMI 18.5 to <20 kg/m 2 . The prevalence of overweight and obesity among young Swedish men and women has increased significantly during the last decades, 8, 9 which coincides with a rise in the number of cardiomyopathy cases in the Swedish population. 1 In light of the association that we discovered recently between BMI and cardiomyopathy in young men, 7 we wanted to investigate whether this also applied to young women, in whom rates of cardiomyopathy have been shown to be lower than in men. 10 Compared with the causes in men, stress-induced cardiomyopathy and cardiotoxic drug exposure, for instance chemotherapy for breast cancer, are more prevalent in women, and peripartum cardiomyopathy is exclusive to women only. 11, 12 To study the long-term risks of developing specific types of cardiomyopathies (excluding cases considered to be pregnancy-related cardiomyopathies) across categories of BMI in young women, we used the Medical Birth Register, which contains maternal information from 99% of the deliveries performed in Sweden, 13 including more than 85% of all women in the Swedish population. 14 
METHODS
The raw data for our analyses are potentially identifiable. Access to individual-level data is possible but requires permission through the Swedish Ethical Review Authority and from the primary data providers: the Swedish National Board of Health and Welfare, and Statistics Sweden.
Study Population
The study comprised a cohort of women of childbearing age (18-45 years) in the Swedish Medical Birth Register who gave birth between January 1, 1982, and December 31, 2014, and who had BMI registered at the initial antenatal visit (generally early in the first trimester before any appreciable pregnancyrelated weight gain) during their first or second pregnancy (n=1 393 346). The Medical Birth Register includes data on deliveries in Sweden since 1973, with an estimated coverage of 99%. All healthcare providers submit information from the medical records regarding prenatal, delivery, and neonatal care to the register. 13 Data on maternal height and weight have been collected for all deliveries since 1983, excluding 1990 and 1991 (no data are available). Until 1990, early pregnancy weight was estimated by subtracting gestational weight gain from delivery weight. This was recorded with 2 digits, which means that all women who weighed 100 kg or more were registered as weighing 99 kg during these years. From 1992 onwards, height was self-reported and weight was measured during the first antenatal visit (within 12 weeks of gestation in 90% of cases). For all the years, valid information on height is available for 80%, and weight for 70%. 13 Visual inspection of annual body weight deciles revealed a larger than expected increase in body weight between 1989 and 1992. Therefore, the weight variable for 1982 to 1989 was adjusted by estimating annual weight gain within deciles from 1992 to 2003, creating an almost linear result, as previously described. 15 In the present study, overweight was defined as BMI ≥25 kg/m 2 , and obesity as BMI ≥30 kg/m 2 . We also obtained data on self-reported smoking, hypertension, and diabetes mellitus from the register. Information regarding highest maternal education level was acquired from the Longitudinal Integration Database for Health Insurance and Labor Market Studies (LISA), which includes information on
Clinical Perspective
What Is New?
• Cardiomyopathies are increasingly common as underlying cause of heart failure in the young, and risk factors for developing these disorders are insufficiently studied, especially among women. • The present study demonstrates that elevated body mass index in young women is strongly associated with an increased risk of subsequent cardiomyopathy, starting already at mildly elevated body weight.
What Are the Clinical Implications?
• Our results emphasize the importance of preventing overweight and obesity in young people to protect from future cardiac remodeling, independently of ischemic heart disease. • Along with the rising rates of overweight and obesity in both women and men, a potential increase in cardiomyopathy cases is to be expected. 
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all residents of Sweden from the age of 16 years (80% coverage); this was made possible by linking the registers using the Swedish personal identification numbers.
In the final study sample, we excluded participants with BMI <15 or >60 (n=1077); height <140 cm or >200 cm (n=370); previous pregnancy-related cardiomyopathy (n=35); other previous cardiomyopathy (n=172); congenital heart disease (n=3084); and previous ischemic heart disease (n=37; Figure I in the online-only Data Supplement).
Outcomes
The national health system in Sweden is publicly funded and provides specialist hospital inpatient and outpatient care at low cost to all residents. Diagnostic codes from visits or discharges are recorded in the National Patient Register, and information on cause-specific deaths is reported to the Cause of Death Register. Inpatient discharge data coverage increased gradually from 1970 to 1986, and is complete from 1987, with outpatient visits registered from 2001. Primary care data are not included. Cardiomyopathy cases, defined according to the International Classification of Diseases, 8th, 9th, and 10th Revisions, were identified through linkage to the National Patient and Cause of Death registers (Methods and Table I in the online-only Data Supplement), and categorized as (1) dilated cardiomyopathy; (2) hypertrophic cardiomyopathy; (3) alcohol/drug-induced cardiomyopathy; (4) pregnancy-related cardiomyopathy; and (5) other cardiomyopathies (a composite of specified less-common and unspecified forms). Pregnancy-related cardiomyopathy was defined as being diagnosed with either new-onset heart failure or cardiomyopathy in the period covering 90 days before and 180 days after delivery, or as having a peripartum cardiomyopathy diagnostic code (O90.3, International Classification of Diseases, Tenth Revision; Table I in the online-only Data Supplement); these were not considered as outcomes in the present study. Information about disorders present at baseline included the following diagnoses: diabetes mellitus, hypertension, valvular disease, atrial fibrillation, ischemic stroke, hemorrhagic stroke, cancer, preeclampsia, gestational hypertension, and gestational diabetes mellitus (Methods in the online-only Data Supplement). Cases of diabetes mellitus and hypertension were additionally identified by self-reported data from the Medical Birth Register.
Statistical Analysis
Statistical calculations were performed with R ver. 3.6.0 software (Planting of a Tree; http://www.R-project.org). The follow-up period started on the date of the first antenatal visit (baseline), and subjects were followed until a first cardiomyopathy diagnosis, including pregnancy-related cardiomyopathy; death; a myocardial infarction; or the end of follow-up (December 31, 2014), whichever occurred first. Women with a pregnancy-related cardiomyopathy were censored at the date of diagnosis and were not included as events, because the risk for this condition is present exclusively around pregnancy, which constitutes a small fraction of the follow-up period. Women with a myocardial infarction before a cardiomyopathy diagnosis were considered as having heart failure of ischemic origin and were therefore censored at the time of the infarction, and excluded from all analyses. A sensitivity analysis was performed with the Fine-Gray method to study competing risk, in which death was treated as a competing event and fatal cardiomyopathies were coded as cardiomyopathy events rather than deaths. Incidence rates and corresponding 95% CIs were calculated using Poisson regression. Cox proportional hazards models were used to estimate cause-specific hazard ratios (HR) with 95% CI, to assess the influence of BMI on cardiomyopathy. BMI (kg/m 2 ) was categorized into 8 groups (15 to <18.5, 18.5 to <20, 20 to <22.5, 22.5 to <25, 25 to <27.5, 27.5 to <30, 30 to <35, 35 to <60), of which BMI 20 to <22.5 was set as the reference. Education was categorized into 3 groups (<9 years, 9-12 years, >12 years of studies). The assumptions of proportional hazards for the regression models were examined using tests based on weighted residuals. 16 Smoking and education did not fulfill the assumptions; hence, we stratified the model for these variables. Model 1 was adjusted for age, year of pregnancy, and parity. Model 2 was additionally adjusted for baseline disorders (diabetes mellitus, hypertension, valvular disease, atrial fibrillation, ischemic stroke, hemorrhagic stroke, and cancer). Model 3 was further adjusted for smoking and education. Spline plots were generated based on Model 3, with BMI as a restricted cubic spline with degree 3 and 4 knots placed at 5% (18.9), 35% (21.7), 65% (24.2), and 95% (31.6) . BMI values between 15 and 40 were plotted against the reference (BMI 21).
The study was approved by the Regional Ethical Review Board in Gothenburg (Dnr. 103-15).
RESULTS

Study Population and Follow-Up
The final study sample after exclusions contained 1 388 571 women (mean age, 27.9, SD 4.9 years) with a mean BMI of 23.7 (SD 4.0) kg/m 2 . Of these, 69.1% were of normal weight (BMI 18.5 to <25 kg/m 2 ), 20.1% were overweight (BMI 25 to <30 kg/m 2 ), 5.6% were obese (BMI 30 to <35 kg/m 2 ), and 1.9% were severely obese (BMI ≥35 kg/m 2 ). Women with a first-time pregnancy represented 78.4% (n=1 088 420) of the study population. Approximately 15% were smokers at the initial antenatal visit, with higher percentages of smokers among the leanest and the obese subjects. Concomitant or preexisting disorders were, overall, very few in this young population, with diabetes mellitus (0.59%, n= 8205) and hypertension (0.41%, n= 5628) the most frequent, and rising with increasing BMI. Preeclampsia, gestational hypertension, and gestational diabetes mellitus at the index pregnancy were also more common with elevated BMI. The highest proportion of women with more than 12 years of studies was seen within the midrange BMI categories (Table 1) .
During the up to 33 years of follow-up (median, 16 years; interquartile interval 7-23 years), 1699 women (0.1% of the study population) were diagnosed with a cardiomyopathy at a mean age of 46.2 (SD 9.1) years (5.9 per 100 000 observation years; Table 2 ). Of these, 481 (28.3%) were diagnosed with a dilated cardiomyopathy 
Risk for Cardiomyopathy
The lowest risk for developing a cardiomyopathy diagnosis was found at a baseline BMI of 21 kg/m 2 (Figure) . At higher BMI values, the risk of cardiomyopathy rose incrementally, particularly in the case of dilated cardiomyopathy. The highest incidence rate for dilated cardiomyopathy was seen among the severely obese (5.8 per 100 000 observation years), at a mean age at diagnosis of 42.8 years (Table 2) . At BMI 25 to <27.5 kg/m 2 , the HR for dilated cardiomyopathy was 1.55 (95% CI, 1.14-2.11), as compared with BMI 20 to <22.5, when adjusted for age, year, parity, baseline disorders, smoking, and education. The adjusted HR Table 3 ). Corresponding HRs for hypertrophic cardiomyopathy followed a similar pattern, except in the highest BMI category, where there were only two cases. Alcohol/ drug-induced cardiomyopathies were rare, with resulting wide CIs (Table 3 ). For each unit of increment in BMI, the HR for dilated cardiomyopathy, in the fully adjusted model, was 1.09 (95% CI, 1.06-1.12), for hypertrophic cardiomyopathy, 1.06 (95% CI, 1.01-1.10), for alcohol/drug-induced cardiomyopathy, 1.03 (95% CI, 0.95-1.13), and 1.06 (95% CI, 1.03-1.10) for other cardiomyopathies ( Table 3 ). The competing risk analysis, in which death was treated as a competing event, only changed the results marginally (Table II in the online-only Data Supplement).
DISCUSSION
In this nationwide cohort study of almost 1.4 million women of childbearing age, we found that high BMI was associated with an increased risk of being diagnosed subsequently with cardiomyopathy, particularly the dilated form, independently of preexisting disorders, smoking, and education. The risk increased gradually as BMI increased across and beyond the overweight and obese ranges, with the highest risk seen for severely obese women. Recently, we reported on a similar association between high BMI and subsequent cardiomyopathy in men, 7 with BMI being measured in late adolescence at the mandatory assessment for military service that was undertaken by all 18-y-old males in Sweden. An equivalent mandatory assessment of body weight for young Swedish women is not in place. However, the vast majority of women in Sweden (>85%) give birth at some point in life, 14 and anthropometric variables are then registered in the Medical Birth Register. 13 In this register, rising rates of obesity have been documented, 9 as is also the case in other national 8 and global 17 studies. In the current study, we found that 7.5% of the young women in the study population were obese, which is somewhat lower than in other Swedish reports that included older age categories, and with data from the later time period of the present study. 18, 19 However, according to a recent publication from the National Board of Health and Welfare in Sweden, the prevalence of 20 An association between obesity in middle-aged women and heart failure has previously been shown in a report based on the Prospective Population Study of Women and H70 Studies in Sweden. 21 In the current study, we investigated a more specific epidemiological association, considering the different forms of cardiomyopathy. Although it is true that heart failure and cardiomyopathy overlap, they are not interchangeable, which becomes even more clear when the term "cardiomyopathy" is used correctly. 5 The lack of previous knowledge about the relationship between adiposity in young women and different types of cardiomyopathy highlights the novelty of these findings. Apart from our study of men, 7 we have found only 1 previous study relevant to this topic, based on a cohort of 2.3 million Israeli adolescents, 22 demonstrating a gradual increase in risk of cardiomyopathy-related death with increasing BMI. That study, however, identified only 121 cardiomyopathy deaths and was not sufficiently powered to investigate specific forms of cardiomyopathy or the association with severe obesity, which constitutes an increasing proportion of overweight persons. 8 Compared with our results for adolescent men, 7 the present incidence rates of dilated and hypertrophic cardiomyopathies for females were lower, in accordance with previous findings, [23] [24] [25] showing a prevalence of idiopathic dilated cardiomyopathy between 1:1.9 and 1:4.3 for the female-to-male ratios, whereas hypertrophic cardiomyopathy has been somewhat more equally distributed between the sexes. 23, 24 Reports on alcoholic cardiomyopathy have been inconclusive. 26, 27 However, we noted a lower incidence of alcohol/drug-induced cardiomyopathy among women than in our study of men. 7 Further, we found a slightly higher BMI threshold for women, who were on average a decade older than the men. Notably, men are known to have higher risks for diabetes mellitus, 28 and mortality 29 for a given BMI than women, so our results appear to fit with the slight sex differences observed for the association between adiposity and adverse health outcomes. In the current study, the risk for dilated cardiomyopathy, in particular, was associated with higher BMI, a pattern similar to
Figure. Association between body mass index (BMI) in young women and risk for subsequent cardiomyopathy.
The model is adjusted for age, year, parity, comorbidities at baseline, smoking, and level of education (n=1 339 527). BMI is restricted to the range of 15 to 40, and modeled as a restricted cubic spline with knots at 5%, 35%, 65%, and 95% (i.e., 18.9, 21.7, 24.2, and 31.6, respectively), with a BMI of 21 as reference.
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Circulation. 2020;141:520-529. DOI: 10.1161/CIRCULATIONAHA.119.044056 ORIGINAL RESEARCH ARTICLE that of men. 7 Our finding of an increased risk for dilated cardiomyopathy at the lower end of the BMI spectrum must be interpreted with caution, because this group only comprised a small number of events. Speculatively, higher rates of smoking, poor nutrition status, as well as alcohol or substance abuse may have predisposed underweight women to future cardiac disease, but in the absence of data, this cannot be confirmed. Although there were too few cases to allow solid conclusions, the association between BMI and hypertrophic cardiomyopathy followed the same trend as for dilated cardiomyopathy, even though most cases are thought to be hereditary. 30 This suggests that high BMI exacerbates or synergizes with genetic defects in cardiac function, and thus, probably results in earlier expression of symptoms. However, as genetic testing has not been routinely available on a national basis until recently, this hypothesis could not be investigated in the present study.
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The association that we found between BMI and cardiomyopathy may be derived from myocardial remodeling in obese subjects, as shown in a report on young otherwise healthy women. 31 This indicates an early onset of potentially adverse alterations in the myocardium that is related to obesity at a young age. Elevated body weight entails an increased metabolic demand that requires hemodynamic changes including increased blood volume and cardiac output. Over time, this results in ventricular dilation and hypertrophy along with impaired cardiac function. 32 Another contributing mechanism is the increased secretion of adipocyte-derived molecules that comes with excess adipose tissue, for instance, leptin, neprilysin, and aldosterone. 33 This has been proposed to promote a proinflammatory state, which may lead to cardiac fibrosis and microvascular abnormalities. Accordingly, there is a growing body of evidence suggesting that systemic inflammation may play a major role in the pathogenesis of heart failure. 34 Other postulated mechanisms that link adiposity to cardiac remodeling and dysfunction include high levels of oxidative stress, as well as myocardial lipotoxicity, in which intracellular accumulation of excess fatty acid and triglycerides leads to apoptosis of the cardiac myocytes. 35 Taken together, the pathophysiology of obesity-related cardiomyopathy is not fully understood, but appears to involve a multifaceted interplay between increased hemodynamic load, neurohormonal dysregulation, inflammation, and lipotoxicity among others.
Strengths and Limitations
The present nationwide cohort study included almost 1.4 million women for up to 33 years of follow-up. This enabled an analysis with adequate statistical precision, despite a relatively low rate of female cardiomyopathy events in midlife. Almost all (99%) of the women who gave birth in Sweden during the study period, representing a large majority of Swedish women, 14 were included. This indicates that the study population was adequately representative of women in Sweden. However, involuntary childlessness is known to be more common among obese women, 36 so it is possible that the incidences of cardiomyopathies may have been underestimated.
Along with our previous results for men, 7 the present study showed that being overweight or obese is associated with cardiomyopathy regardless of sex. It is likely that our findings can be generalized to other ethnicities, although this needs to be confirmed in future studies. Furthermore, a validation study of cardiomyopathy diagnoses in the National Hospital Register during an overlapping period with this report showed a high diagnostic accuracy (>85%), which did not change during the study period, with almost uniform use of echocardiography in investigations of suspected cardiomyopathy throughout those years. 6 Thus, we believe that most of the cardiomyopathy cases in the current study were accurately diagnosed.
Moreover, in the Medical Birth Register, height was occasionally self-reported, and as women tend to overestimate this measurement, 37 BMI values may have been underestimated in some cases. We considered measured weight at the first antenatal visit, most of which occurred within 12 weeks of gestation, 13 to be a satisfactory estimate of prepregnancy weight, as weight gain during the first trimester has been reported to be negligible. [38] [39] [40] Anthropometric variables other than BMI, such as waist circumference and waist-tohip ratio, were not available in the dataset, although we recognize central fat accumulation appears more strongly linked to adverse metabolic outcomes in women than in men. 41 Further, diabetes mellitus and hypertension were probably underestimated in this study population because of lack of primary care data. Another limitation was the inaccessibility of information on body weight and other potential risk factors during the 33-y follow-up. Although repeated individual measurements of BMI could be obtained from women with subsequent pregnancies, these would mostly be confined to a decade, which only represents the first years of the follow-up period. Data on BMI from the later part of the follow-up (closer to the cardiomyopathy event) would still be missing. Thus, we believe that including repeated measurements of BMI in pregnant women would not meaningfully enhance our analyses as only minimal additional information on the longitudinal relationship between BMI and cardiomyopathy risk would be provided. Even so, BMI has been demonstrated to be highly consistent in terms of tracking during life, 42 and accordingly any cardiac abnormalities may well result from a continuing effect of elevated body weight. It seems unlikely that repeated measurements would have changed our conclusions.
